Normal wound healing
Irrespective of whether a wound is surgically induced or caused by trauma, the general healing process of a wound is the same. The wound goes through three overlapping phases of: haemostasis and inflammation, proliferation, and maturation and remodelling (Table 1) . Fig 1 shows a tarsal skin wound undergoing the first phases of wound healing. These phases are interrelated and influenced by factors such as the local wound environment and patient health.
It should be noted that, in terms of wound healing capacity, cats are not small dogs. It has been shown that cats have a different cutaneous vascular supply compared with dogs. Granulation tissue production, epithelialisation and total healing are all reduced in cats.
Options for wound closure
Wounds may be treated by:
Primary closure, or healing by first intention. This ■ ■ involves immediate suture closure of viable tissue without tension, and is reserved for clean wounds and some clean-contaminated wounds;
Delayed primary closure. This is generally used for ■ ■ wounds with minimal contamination or those with questionable viability, oedema or skin tension, or in cases where early wound closure cannot be performed for other reasons (eg, when tissue viability cannot be judged at an early stage or other lifethreatening injuries need to be treated first). After initial open wound management, surgical closure is performed from day 2 to day 5; Secondary closure. This is reserved for contamin-■ ■ ated or dirty wounds. After open wound management, closure is performed between day 5 and day 10, when a healthy bed of granulation tissue is present; Healing by second intention. This is generally ■ ■ reserved for dirty or infected wounds or large skin defects. Healing relies on the formation of granulation tissue, wound contraction and epithelialisation. Choosing which of these four basic methods to use depends on the aetiology of the wound, its size, location and the degree of contamination. Wound classification according to the degree of contamination is an important factor to consider when selecting a closure method (Table 2) . 
Causes of complications
Failure of a wound to heal may be due to a single cause or multiple factors, and successful management requires elimination of these underlying problems.
The surgeon can minimise potential complications by adhering to good, basic surgical principles.
Improper nutrition
Due to improved health care, improper nutrition is an uncommon cause of wound complications and poor healing. Glucose and protein are important for the normal progression of wound healing. Protein levels of less than 60 g/litre slow the healing process, while levels below 55 g/litre increase the risk of wound disruption to 70 per cent. Furthermore, sufficient calories must be provided to help spare body protein from being metabolised. Vitamin C, vitamin B 6 , iron, vitamin B 12 , folate and zinc are also important for cell division and growth. While it is advisable to delay elective surgical procedures in an undernourished animal until any underlying nutritional deficit has been corrected, emergency procedures require careful use of surgical materials that will support tissue apposition for prolonged periods of time (eg, by using non-absorbable or very slowly absorbed suture materials). In addition to nutritional factors, any dehydration, hypovolaemia and anaemia should be corrected in order to sustain healing.
Non-healing wounds

Delayed granulation tissue formation
Delays in the formation of granulation tissue generally develop as a result of poor vascularity in the wound bed. Debridement of necrotic tissue, control of local infection and preservation of regional tissue viability are practical measures that promote the formation of a granulation bed. If a chronic granulation bed is incapable of supporting epithelialisation, it can be excised tangentially with a scalpel blade down to viable vascular tissue, after which a healthy granulation bed would normally develop within a few days. 
Failure in wound contraction
The two main causes of wound contraction failure are insufficient skin being available locally (thus causing peripheral countertension) and restrictive fibrosis, which prevents skin advancement. Often, the only management option in such cases is surgical intervention, which may range from simple undermining or scar tissue excision to more complex procedures such as flaps and grafts (Fig 2) .
Failure in epithelialisation
Epithelial cells require a viable vascular bed for survival and, therefore, the most common cause of failure of epithelialisation is repeated surface trauma, such as abrasion from poorly applied bandages, and trauma over areas such as bony prominences and foot pads. When this occurs, debridement of necrotic tissue and fibrotic scar tissue is necessary. Protection of the area using appropriate bandages in addition to immobilisation is occasionally warranted (Fig 3) .
indolent 'pocket' wounds
A pocket wound is one where a sutured skin incision appears to have healed normally but the subcutis fails to cross-link with the underlying granulation bed.
Complete dehiscence can often be observed when tension is placed on the closure (eg, grooming or jumping). Bite wounds, wounds following major tumour resection, and wounds in inguinal, axillary and flank areas appear to be especially prone to pocket wound formation. Successful management requires control of infection, excision of the scar border and careful release of incisions in the restrictive dermal layer to allow advancement of the skin. Skin margins should be sutured directly to each other or firmly anchored to the granulation bed to promote wound closure and any dead space may be managed with drains. In complicated cases, the omentum can be mobilised through the abdominal wound to fill the pocket wound with viable vascular tissue and to obliterate dead space.
Wound scarring and contracture
Scar formation is a normal response to healing. However, when scar tissue becomes excessive or is located in certain anatomical regions, it may result in complications such as restriction of motion or function (eg, wounds over joints, around the eye, external nares and preputial orifice). Scar excision, partial myotomies, skin flaps or free skin graft coverage, and physical therapy (best achieved by early resumption of normal activity), may be required once a contracture has developed. This complication is best prevented by not allowing wounds over joints and other 'mobile' areas to heal by secondary intention.
Infection
Infection inhibits all stages of wound healing and may be the cause or the effect of wound dehiscence. Wound infection is best confirmed by culture of deep tissue, and it is important to note that surface contaminants do not reflect infection. Around 3 per cent of wounds are reported to be infected at suture removal (Eugster and others 2004), but infection rates vary according to the initial degree of wound contamination ( Table 2 ). The physical nature of a wound also has an impact on the probability of infection. For example, a puncture wound from a bite is an ideal environment to promote bacterial proliferation and infection as it lacks effective drainage and forms a closed, hypoxic pocket. If infection is present (Fig 4) , it is important to address any possible underlying causes or contributing factors such as foreign bodies (drains, implants, bone sequestra, dirt, etc) and to also check for other potential causes of dehiscence (see Box 2 on page 398). Duration of surgery, number of people in the operating theatre, surgical drain usage, endocrinopathy and propofol use have all been associated with increased incidence of surgical site infections in animals. If high infection rates are a general problem within the veterin ary practice, consideration must be given to surg ical technique, aseptic practice and patient selection, and a thorough review should be carried out to try and identify any weaknesses in these areas. In very early cases of infection (when only cellulitis is present), antibiotics alone, based on the results of culture and sensitivity testing, may be efficacious. However, in patients with chronic infections involving purulent discharge, a multimodal approach is recommended (Box 1).
Abscesses
Abscess formation is common, and usually results from a puncture wound (eg, a bite). Abscesses are associated with local skin erythema, oedema, heat, incisional dehiscence, fever and pain. Many smaller abscesses readily respond to gentle exploration, flushing, debridement and systemic broad-spectrum antibiotic support for seven to 10 days. Large abscess cavities can be treated by packing the cavity with moistened gauze packs, ideally changed three times a day. Closed-vacuum drains can be effectively employed for several days in some deeper body abscesses, to remove pus and inflammatory tissue fluids, but only after necrotic tissue and foreign debris have been removed. Biopsies of the abscess wall should be taken. In cases of unexplained or recurrent abscess formation, immunosuppression due to various chemotherapeutic agents or disease (eg, feline leukaemia virus, feline infectious peritonitis) should be considered. Autoimmune disorders and immune-mediated vasculitis can present as cellulitis with progressive necrosis.
Drugs and chemical ulcers
Inadvertent perivascular injection of several drugs (including pentobarbital sodium, vincristine and doxorubicine) may cause severe local tissue reactions, resulting in sloughing of skin overlying affected areas. Depending on the drug that has extravasated, local infiltration (eg, with anti-inflammatory drugs/corticosteroids, sterile saline and lidocaine) or excision of the whole area is recommended.
Corticosteroids are potent anti-inflammatory agents but reduction of inflammation decelerates the early wound healing process and increases the risk of infection. Single doses have no effect on healing. The anti-inflammatory effects of steroids can be modified by concurrent vitamin A or anabolic steroid administration, although they are rarely used. Antineoplastic agents (eg, alkylating agents, antimetabolites and antitumour antibiotics) used in the surgical period have a deleterious effect on wound healing; therefore, postponement of chemotherapy until wound healing has begun (usually for seven to 10 days) is justifiable.
Radiation therapy
Radiation is deleterious to the cells needed for the progression of normal wound healing. In the skin, the early clinical changes are seen as oedema, desquamation and erythema. Early changes are observed within two to four weeks after radiation therapy. The injuries are dose dependant and affect only exposed tissues (Fig 5) . The surgical wound can be safely ir radiated once complete wound healing has taken place, or two to eight weeks before surgery. Radionecrotic ulcers are contaminated or infected wounds that heal by epithelialisation, but it would be prudent to obtain a biopsy from the area to eliminate underlying tumour recurrence.
Neoplasia
It is important to remember that neoplasms may appear as open wounds, depending on their location and stage of growth. There are examples in the human and veterinary literature in which irritation, inflammation and/or wounds are promoters of tumour develop ment; in fact, foreign bodies, like microchips or vaccin ations, have been associated with tumour development. Tumours that ulcerate or necrose can cause a wound, so a biopsy of such lesions should be taken to rule out neoplasia.
Draining tracts
Persistent or intermittent draining tracts may develop secondary to bacterial or fungal disease, or infected foreign bodies. Bone sequestra or fragments harbouring bacteria (osteomyelitis) may also result in sinus tracts. In addition, fistulous or sinus tracts may be associated with congenital defects such as patent urachus or dermoid sinus. The stoma can be painful with a serous to purulent discharge (Fig 6) . Diagnostic procedures for sinus tracts include impression smears, bacteriological culture, sensitivity tests and fungal cultures. Foreign bodies may be visible on radiographs in some cases, and fistulograms/sonograms or advanced imaging (eg, computed tomography/magnetic resonance imaging) may determine the magnitude of the tracts.
Surgery is the most appropriate management option in cases with draining tracts, the primary aim being to identify and remove the cause. The tract can be opened and each channel followed to its end, or alternatively, an elliptical incision can be made followed by blunt dissection to isolate the tract (Fig 7) . The underlying defect causing the tract may be excised using a direct surgical approach, and the tract itself allowed to heal by second intention. On completion of the surgical procedure, the excised tissue should be opened and examined, samples taken for culture, and the tissue submitted for histopathological examination. Recurrence rates of sinus tracts are high unless the underlying cause is identified and treated appropriately.
Seromas
A seroma is an accumulation of sterile fluid under a wound. Although the cause is not often apparent, contributing factors include traumatic surgical technique, excessive dead space and the presence of foreign debris. Seromas often occur in areas with redundant, loosely attached skin and excessive motion. They are generally not associated with pain, erythema, oedema or incisional dehiscence, but they delay the ultimate healing time of affected tissues. Seromas can be differentiated from subcutaneous abscesses by gross appearance and cytological examination. Strict asepsis must be followed when aspirating seroma contents to avoid conversion into an abscess. Prevention of seroma formation is accomplished by gentle tissue handling, excellent haemostasis and elimination of dead space. Subcutaneous sutures (eg, tacking sutures), active or passive drains and bandages are used to decrease seroma formation. Seromas that occur after surgery do not usually require intervention and resolve spontaneously within two to three weeks. Additional conservative management options include application of pressure bandages, exercise restriction and intermittent needle drainage, although the last technique should be avoided as reformation of the seroma (or even abscess) is likely. In cases of chronic or recurring seromas, surgical exploration is sometimes required. This involves resection of any necrotic material, wound lavage and careful elimination of any dead space (using sutures and/or drains).
Exposed bone
Bone is commonly exposed in shearing and avulsion injuries to the lower extremities. Most exposed bone will eventually become covered by granulation tissue arising from viable periosteum or viable soft tissue adjacent to the bone surfaces, but there is potential for osteomyelitis or sequestrum formation. Drilling a series of small holes into the vascular medullary canal of the bone promotes granulation tissue formation, but care must be taken not to weaken the bone to the extent that it fractures.
Wound dehiscence
Impending wound disruption is often preceded by necrosis of the skin edges, extensive cutaneous bruising, the presence of serum beneath the skin and serosanguineous discharge from the suture line. The most common causes of wound dehiscence are summarised in Box 2.
Tension can be reduced by orientating the suture line parallel to the tension lines in the skin, and also by using undermining, skin stretching, relaxing incisions, tension-relieving suture patterns, and flaps or grafts. Staged debridement should be carried out until all non-viable and questionable tissue has been removed from the wound, before closure is attempted. A comfortable bandage, basket-type muzzles and Buster collars can be used to prevent animals from interfering with the wound. Improper placement of bandages can cause decubital ulcers at bony prominences (Fig 8) . Predisposing factors include thin and sparsely haired skin, friction between skin and bedding or skin and bandaging, improper bedding material and skin maceration from urine and faeces. Contrary to popular belief, less padding is actually needed to avoid pressure in these delicate areas. Rigid cast or splint immobilisation of open wounds over areas of potential mobility inhibits wound contraction. Early application of a fully encasing cast to a lower limb can result in avascular necrosis, because swelling leads to circulatory embarrassment. Application of a bivalve cast with periodic changing can help to prevent this.
Postoperative haemorrhage and haematomas
Postoperative haemorrhage may complicate wound healing by putting pressure on suture lines, providing a rich environment for infection and causing discomfort to the patient and thus resulting in self-trauma. Effective haemostasis can help to prevent this. Minor incisional haemorrhage can be controlled with direct manual pressure for 10 to 15 minutes but moderate to severe haemorrhage will require further intervention. Conservative management involving placement of pressure bandages, movement restriction and fluid deficit replacement can be instituted initially if the patient is stable. In more severe cases of haemorrhage, or those not responding to conservative management, surgical intervention may be required to identify the source and provide definitive haemostasis. Warm compresses (applied for 10 minutes, three times a day) accelerate the resolution of haematomas, and dissipation generally requires about seven days.
Oedema
Oedema is the accumulation of tissue fluid in the interstitial spaces between cells. Oedematous wounds typically 'pit' on digital pressure but do not show significant signs of active inflammation. Oedema normally results from damage to lymphatic or blood vessels from trauma or surgery. In severe cases, the blood supply can become compromised resulting in discoloration of the skin, which will feel cold to touch. For example, when large skin wounds on distal limbs (affecting >50 per cent of the limb circumference) are managed with secondary intention healing, this creates a tourniquet effect and oedema formation. Postoperative oedema can be treated using compression bandages and warm compresses applied three to four times a day. Physical therapy increases circulation and promotes lymphatic and venous return. In severe cases, removal of sutures or constrictive areas of closed tissue may be required.
Specific management strategies Active or passive surgical drains
Drains can be used to eliminate dead space and to remove accumulated fluid, but they increase the infection rate and have to be handled with strict asepsis. If the drain exits tissue through the primary wound, the incision might dehisce and the tissue may herniate. A drain should therefore always exit at a location distant to the wound itself.
Flaps and grafts
Subdermal plexus and axial pattern flaps are relatively resistant to infection and provide full-thickness skin coverage without depending on early immobilisation and neovascularisation to ensure survival (as is the case with skin grafts). They are particularly useful in areas where padding and skin durability are necessary. Skin grafting requires a graft bed that has sufficient blood supply to sustain it and they should not be placed over contaminated or infected surfaces.
Omentalisation
Chronic non-healing wounds in cats and dogs can be treated with omentalisation to obliterate dead space, provide blood supply and control infection (Fig 9) . This involves passing the created omental pedicle (of a suitable length to reach the wound) through the ventral or lateral abdominal wall into the wound via a subcutaneous tunnel. This technique has been used successfully for non-healing axillary wounds where previous attempts to close the wound failed. An omental flap can be combined with skin flaps (eg, omocervical skin or superficial cervicalor thoracodorsal axial pattern flaps). Possible complications include intestinal herniation, or seroma or abscess formation.
Wound myiasis
Debridement of wounds with medical grade (disinfected) maggots has been used successfully to manage problematic wounds. The maggots are applied using a specific maggot dressing (incorporating a porous cage to prevent them escaping from the dressing), which is placed on to the wound for two to three days. This management option is for appropriate wounds that have failed to respond to conventional medical and surgical treatment (eg, severe, recurrent infections). 
Novel approaches laser irradiation
Low-level laser irradiation has a biostimulative and wound healing effect. Photoirradiation is thought to stimulate wound healing by inducing cellular proliferation, collagen synthesis, growth factor release and DNA synthesis. The technique involves irradiating the wound in the conscious patient with 630 nm wavelength, non-thermal red light once-a-day for four consecutive days. A chronic full-thickness wound in a dog has been closed successfully by this method (Lucroy and others 1999), although the advantages of this approach have not been unequivocally established.
Vacuum-assisted closure
Vacuum-assisted closure (VAC) is still a fairly new technique in veterinary medicine and is a useful, easily applicable procedure for managing open and grafted wounds. It involves applying controlled subatmospheric (intermittent or continuous) pressure via an open-pore foam dressing. This accelerates debridement, stimulates cell proliferation, promotes early resolution of infection and angiogenesis, increases wound contraction and improves healing. It has been described for the treatment of dogs with traumatic, distal extremity shearing injuries and in cats for traumatic dorsal and large thigh wounds (Fig 10) . Although the cost of applying VAC is greater per day than that of using conventional dressings, the reduced hospitalisation time and number of dressing changes required results in a similar overall cost to traditional open wound management.
Growth factors/stimulants
Agents that 'speed-up', stimulate or restimulate healing in problematic open wounds are currently being investigated. It is unlikely that a single agent will promote healing in all such wounds, as failure of wound healing is multifactorial. Several peptide growth factors, including epidermal growth factor, transforming growth factor-b and insulin-like growth factor type 1, appear to work when used together in wound healing, and have been added to chronic non-healing wounds to stimulate more rapid wound healing.
Summary
Wound complications are a well-recognised problem in small animal practice. Using a systematic approach to address any underlying causes of wound complications and the initiation of appropriate management strategies, most cases can be successfully resolved.
